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Abstract. The concentration of vitellogenin (Vg) in the

hemolymph of Penaeus semisulcatus was found to in-

crease from an average of 50 /jg ml" 1

to 439 jjg ml" 1

in

female shrimp during ovarian development. The most

significant increase in Vg occurred concomitant with the

increase in the vitellin (Vt) content of oocytes with an

average diameter (AOD) ranging between 150 and 250

A<m. The amount of Vt in the oocytes was found to in-

crease linearly from a mean of 0.0126 mg to 4.55 mgper

gm body weight. However, the percentage of Vt in the

total protein was found to decrease, from 67% in ovaries

with AODof 1 50-250 jum, to 39.7% in ovaries with AOD
of 350 Mmor larger. The volume of the hemolymph was

found to be 0.4 ml per gmbody weight and did not change

significantly during ovarian development. Assuming that

Vg in the hemolymph represents either an extraovarian

origin of Vt or an active secretion from the ovary, a turn-

over rate of two to three times per day was calculated over

one full cycle of oocyte development. However, during
the most significant increase in Vt in the ovary (in ovaries

with AODof 150-250 pm), the turnover rate in the he-

molymph o -veil to eight times per day. The
results ! .ion that the contribution of Vg
to the torma; \he ovary is quantitatively in-

significant.

Vitellogenesis is a: ! with several complex pro-
cesses that lead to the lorp; .iion of mature oocytes within
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Abbreviations: AOD Average oocyte diameter; SAT Subepidermal

adipose tissue; Vg Vitellogenin; Vt Vitellin; HEP Hepatopancreas.

the ovary. In crustaceans, substantial quantities of yolk

accumulate within the developing oocytes, and serve to

meet the basic requirements of embryonic and larval de-

velopment, independent of the maternal organism (Adi-

yodi and Subramoniam, 1983). One of the major com-

ponents of yolk is the lipoglycoprotein, vitellin (Vt). In

several crustacean species, Vt was found to be synthesized

by the ovary (Lui el ai, 1974; Lui and O'Connor, 1976,

1977; Dehn et ai. 1983; Eastman-Reks and Fingerman,

1985; Yano and Chinzei, 1987; Quackenbush, 1989a. b;

Browdy et ai. 1990). Yano and Chinzei (1987) suggested

that Vt was synthesized in the follicle cells of Penaeus

japonicus. However, a protein that reacts immunologically

to the antiserum prepared against purified Vt was detected

in the hemolymph of vitellogenic females. This female-

specific protein (FSP), known as vitellogenin (Vg), has

been reported in all species studied so far (Kerr, 1969;

Ceccaldi, 1970; Fyffe and O'Connor, 1973; Wolin et ai.

1973; Caubere el ai. 1976: Meusy, 1980; Dehn et ai,

1983; Ferrero et ai. 1983; Marzari ct ai, 1986; Susuki,

1987; Tom et ai. 1987; Nelson et ai. 1988; Quackenbush
and Keeley, 1988; Quackenbush, 1989a). Vg is one of the

two lipoproteins known in crustacean hemolymph (Lee,

1990). A large increase in the concentration of Vg has

been reported in the hemolymph during vitellogenesis.

While some reports show that the appearance of Vg in

the hemolymph is correlated with morphological changes

in the ovaries antecedent to egg release, others show that

Vg is at the highest concentrations prior to the maximum
accumulation of yolk in the oocyte (Quackenbush, 1989b;

Lee, 1990).

Several reports show evidence for extraovarian tissues

engaged in Vg synthesis. Vg was reported to be produced
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by the subepidermal adipose tissue (SAT) of anostracean

(Van Beek el ai, 1987), isopod (Picaud, 1980; Souty and

Picaud, 1981; Picaud et a/., 1989) and amphipod crus-

taceans (Croisille and Junera, 1980; Junera and Croisille.

1980). Vg was also found in the SAT of decapods (Meusy
el a/.. 1983; Vazquez-Boucard, 1985; Tom et ai. 1987).

However, it was not identified as being synthesized by in

vitro incubated SAT of P. semisulcatits (Fainzilber, 1988;

Fainzilber et ai, 1992). Conflicting results were reported

for Vg synthesis by the hepatopancreas (HEP) in decapods.

Quackenbush and Keeley (1988) and Quackenbush
( 1989a, b) reported in vitro Vg synthesis in Uca pitgilator

and P. vannamei, respectively. However, Yano and Chin-

zei (1987) and Rankin et ai (1989) were unable to detect

de novo Vg synthesis in HEPof P. japonicm and P. van-

namei, respectively. Low levels of a Vt-immunoreactive

protein were detected in in vitro incubated HEPin females

of P. semisulcatits (Fainzilber, 1988; Fainzilber et al.,

1992). The possible contribution of Vg in the accumu-

lation of Vt in the ovary is further suggested by work

describing endocytosis in the ovary (Hinsch and Cone,

1969; Wolin et ai, 1973; Duronslet et ai, 1975; Zerbib,

1979; Beams and Kessel, 1980; Schade and Shivers, 1980;

Zerbib and Mustel, 1984; Jugan and Soyez, 1985). Fur-

thermore, Vg receptors were isolated from the ovarian

cytoplasmic membranes of two decapod species (Jugan,

1985; Lavrdure and Soyez, 1988; Jugan and Van Herp,

1989). However, Lui and O'Connor (1976) suggested that

Vg originated from resorbed oocytes.

The present investigation aims at elucidating the pos-

sible role of Vg and its contribution to oocyte development
in Penaeus semisulcatus. which is a species of economic

importance in Israel. Weattempted to examine the hy-

pothesis that Vg in the hemolymph is transported and

taken up by the ovary, relying on the suggestion of Byard
and Aiken (1984). They reported that the observed levels

of FSP in the hemolymph were always higher prior to the

maximum accumulation of yolk in the oocytes, and that

they dropped off markedly prior to oviposition. The con-

clusion drawn by Byard and Aiken was that this pattern

is consistent with the idea that the FSP represents an ex-

ternally synthesized protein and is found at the highest

level in hemolymph during the period when oocytes are

accumulating the maximum amount of yolk. To examine

this possibility, the concentration of Vg in the hemo-

lymph. Vt in the ovary, and the volume of the hemolymph
were determined during one cycle of ovarian maturation.

The results enabled us to calculate the hypothetical turn-

over rate assuming that the entire Vt within the ovary

originated from Vg circulating in the hemolymph.
An approach to vitellogenesis as a flow system, in which

Vg is produced by an extraovarian tissue, released into

the hemolymph, and subsequently taken up by the de-

veloping oocytes, was described in insects (Bakker-Grun-

wald and Applebaum, 1977). This approach was also at-

tempted in the present paper, in order to reach conclusions

on the possible dynamic flow of Vg in the hemolymph.

Materials and Methods

Chemicals

3 H Inulin (46/mCi/g) was purchased from NewEngland
Nuclear (U.S.A.). All other reagents were of analytical

grade and were purchased from Sigma (U.S.A.), Merck

(Germany) or Bio-Rad (U.S.A.).

Animals

Adult P. semisulcatus were collected in Haifa Bay, Is-

rael. They were held in 3 m3

running seawater tanks, at

a density of 30 specimens per tank. Water was changed
at a rate of 300% per day. Salinity was constant at 40%o,

and temperature ranged from 18C (winter) to 27 C
(summer). The animals were fed once a day on a mixture

of frozen fish, squid, shrimp and Anemia. Females were

individually marked by clipping of the uropods, and

ovarian development was monitored externally, according

to the methods of Browdy and Samocha (1985). Moulting
of marked females was also recorded by identifying the

uropod coded cuts of the shedded exuviae.

Results of hemolymph volume, protein and Vg levels

were related to the average oocyte diameter (AOD), mea-

sured according to Shlagman et ai (1986) in sacrificed

animals.

Collection of hemolymph and the determination

of its volume

Hemolymph was collected from animals bled after cut-

ting off the anterior part of the cephalothorax near the

base of the eyestalks. The hemolymph from each female

was collected into a vial containing a known volume of

10% sodium citrate solution.

The hemolymph volume was determined by injecting

2 j*Ci of
3
H-inulin dissolved in 100 ^1 of sterilized seawater

diluted to 30 ppt. Preliminary experimental results showed

that the hemolymph radioactivity was stable for 24 h after

the injection of the inulin. The hemolymph volume was

calculated by measuring the dilution in the radioactivity

of samples withdrawn 2 h after the injection of the labeled

inulin.

Determination of proteins. I
'g, and I 't concentrations

The total protein concentration in the hemolymph and

ovaries was determined according to Bradford (1976), us-

ing bovine serum albumin as a standard.

The concentrations of Vg in the hemolymph samples

and Vt in the ovarian homogenates were determined by
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rockcl ! trophoresis (Jurd, 1981). The area

et" precipitation lines was cal-

'i series digitizer 7000 and com-

joncentrations of purified Vt subjected

rocket" preparation. The purified Vt and

polyclonal antibody used in these determina-

tions were isolated and prepared as described in Browdy
ci at. (1990).

Experimental procedure

Two series of experiments were carried out. In Exper-

iment 1, hemolymph samples were removed (as described

previously) from 77 females that were at various stages

of ovarian development, including females immediately

after the moult. The hemolymph samples from each fe-

male were centrifuged (9000 X g at 4C for 10 min in a

Sorvall RC-5C U.S.A.) and the supernatant was stored at

-70C. In parallel, a small piece was removed from the

ovaries of each female and fixed in formaldehyde (4% in

seawater) for the measurements of AOD(see above). In

these females, the protein and Vg concentration in the

hemolymph were determined (see above) and related to

the AOD.
In Experiment 2, 21 females were chosen individually,

after monitoring for several days the moult and ovarian

developmental stages. Females following moulting, those

showing arrested ovarian development, and those with

ovaries in progress of oosorption were rejected. Each fe-

male was injected with 'H inulin (as described above).

After 2 h, the females were weighed and bled and the

hemolymph volume was determined as described above.

Ovaries were dissected out and weighed. A small piece

was fixed in formaldehyde and used for measurements of

AOD. Two other samples (each weighing 0. 1-0.2 g) were

used for determinations of dry weight. They were placed

in pre-weighed vials and dried at 60C until reaching con-

stant weight (about 48 h). The remaining part of the ovary
was homogenized in 10 ml of phosphate buffer (0.1 M,

pH 7.4) and centrifuged at 4C and 9000 X g for 20 min

(Sorvall RC-5C, U.S.A.). The supernatant of the ovarian

homogenates and the hemolymph samples were stored at

?, until they were used in the determinations of total

protein. Vg concentrations.

Results

I In il total protein and Vt specific pro-

tein (\ iph was found to increase with

the progrev- evelopment, shown by the in-

crease in The values obtained in Ex-

periment 1 i and Vgof 77 females and 73

females, respu .nled and divided into four

size groups acx uir AOD. It can be clearly seen

that females with \ iO /urn or larger had similar
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Figure 1. The concentration of (a) protein in mg ml ' and (b) vitel-

logenin in ^g ml"' in the hemolymph (Experiments 1 and 2) related to

the average oocyte diameter (AOD). The mean S.D. is shown for

samples pooled into four size groups of AOD.

levels of total protein and Vg (one way ANOVA. P
> 0.05). However, females at the initial stage of oocyte

development (50-150 ^m in AOD) show lower protein

levels (P < 0.00 1 ) and Vg levels (P < 0.000 1 ). Four of the

examined females which were taken immediately after

spawning showed an average of 430.0 43.8 ^g ml" 1

of

Vg in their hemolymph, and their results were not in-

cluded in Fig. Ib. The highest average values of protein

(247 139 mg nr 1

) and Vg (562 410 //g ml" 1

) were

found in females with an AODranging between 250 and

300 pm. The lowest average values for protein ( 1 16 32

mg inT 1

) and Vg(60 95 ^g mr 1

) were found in females

with an AODof less than 100 ^m. The results from the

21 females (Experiment 2) were divided into 4 size groups

according to the AODof the ovaries (Fig. la, b). Some
of the females included in the size class of 50-150 ^m
AODwere postmoult. This may have contributed to the

large standard deviations in this group, relative to the oth-

ers. Unlike the results shown earlier for Experiment 1,

the total protein concentration in these females did not

change with the AOD. However, Vg was virtually not
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Table I

The calculated turnover niic ot I
'g in ike hemolymph at four different stages of ovarian development, using the mean values

of the hemolvmph volume. 1 '% concentration, and the amount of \'l in the ovaries, at each stage
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(Brovvdy. 1988). However, if the full cycle is divided into

four stages, the turnover rate must reach 7.78 per day, to

account for the Vt accumulated in oocytes of 1 50-250

nm. The accumulation rate is reduced at later stages (Table

I), to account for the increment in the amount of Vt ac-

cumulated in the ovaries.

The results presented here, on the increase in Vg con-

centration concomitant with the increase in the amount
of Vt in the ovary, and those of Fainzilber el a/. (1992)

show that if there is an extraovarian source for Vt in

P. semisulcatus, its contribution to Vt is quantitatively

very low.
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